This study examined the morbidity experience from 1981 to 1988 of two cohorts (Shell cohort and Enterline cohort) of workers who had potential exposure to epichlorohydrin (ECH). The morbidity prevalence data for this study were extracted from the morbidity section of the Shell health surveillance system which included all illness and absence records in excess of five days. For both cohorts, the standardised morbidity ratios (SMRs) for all causes and all neoplasms were similar to an internal comparison group. There were no increases in heart disease morbidity for the Shell cohort (SMR = 97) or the Enterline cohort (SMR = 90). The SMRs for heart disease in the lower exposure group of the Shell cohort were 101 and 93 for the corresponding Enterline cohort. They were 92 and 87, respectively, in the higher exposure group. The increased risk of heart disease mortality reported by Enterline et 
causes and all neoplasms were similar to an internal comparison group. There were no increases in heart disease morbidity for the Shell cohort (SMR = 97) or the Enterline cohort (SMR = 90). The SMRs for heart disease in the lower exposure group of the Shell cohort were 101 and 93 for the corresponding Enterline cohort. They were 92 and 87, respectively, in the higher exposure group. The increased risk of heart disease mortality reported by Enterline et there was no excess of heart disease in this cohort.
The death rate due to heart disease in the nil to light exposure group, however, was statistically significantly lower than in the local comparison populations (standardised mortality ratio (SMR) = 39 2).
When compared with the mortality ofheart disease in the moderate to heavy exposure group (SMR = 105 4), the difference between the two groups was statistically significant due to the unusually low heart disease mortality in the lower exposure group. Enterline et al hypothesised that a relation may exist between exposure to ECH and heart disease mortality.
The Enterline et al mortality study did not contain information on heart disease risk factors such as smoking, obesity, cholesterol, and blood pressure. These potential confounders may have been responsible for the heart disease mortality differences seen between the two exposure groups. These results may also have been due to chance (especially since neither exposure group had a significant excess of death from heart disease). If a true association exists between exposure to ECH and heart disease the pattern of heart disease morbidity should be similar to that for heart disease mortality seen in the Enterline study since most deaths from heart disease are preceded by one or more heart disease morbidity events. 2 The present study includes two populations. The first population consists of 713 workers with industrial hygiene confirmed potential exposure to ECH at the same two Shell manufacturing locations studied by Enterline et al (hereafter referred to as the Shell cohort). These employees for the most part were hired after those originally studied by Enterline. The morbidity experience ofthis group from 1981 to 1988 was examined. Since Enterline also raised the question of an association between heart disease and those exposed to allyl chloride and ECH, heart disease morbidity for workers who had potential exposure to both ECH and allyl chloride was also examined.
The second population consists of a subset (n =280) of the original Enterline cohort members for whom morbidity data are available from 1981 to 1988 (hereafter referred to as the Enterline cohort). The entire Enterline population could not be studied due to insufficient morbidity and industrial hygiene monitoring information before 1981. All causes of morbidity in both cohorts were studied to examine not only heart disease but also any other potential exposure association. Distribution of heart disease risk factors by exposure group was also examined. Sampling data on exposure to ECH for the years 1981-8 were used to classify the level of exposure for each JEP. Data for the years before 1981 were not readily available for assessing the workers' exposure. The personal sampling exposure data for the eight year period were used to classify JEPs for ECH into two mutually exclusive groups, nil and light to moderate exposure to ECH. JEPs for the nil exposure group were those for which the 95% upper confidence limit of the geometric mean of samples was less than or equal to the detection limit, 0 1 ppm. JEPs for the light exposure group were those for which the 95%' upper confidence limit of the geometric mean of the samples was less than or equal to 0 5 ppm but greater than 0 1 ppm.
Material and methods
JEPs for the moderate exposure group were those for which the 95% upper confidence limit of the geometric mean of the samples was less than or equal to 1 ppm but greater than 0 5 ppm. In addition, the moderate exposure group included those JEPs with one or more sample values greater than 1 ppm when the total number of samples was 10 or fewer, or with two or more values greater than 1 ppm when the total number of samples was more than 10. Those JEPs for which no sampling data were available were classified into exposure groups based on the judgment of the plant industrial hygienists. Most of these JEPs were classified into the nil exposure group, with a few in the light exposure group. These data characterised the exposures occurring during the study period and may not represent exposures of previous years. Exposures may possibly have been higher in the past before newer production techniques and work practices were initiated.
JEPs for most study subjects in the light to moderate group are: dockmen; pipefitters; welder; resins finishing; and various ECH production unit operators. JEPs for the nil exposure group include: dispatching operations foreman; quality assurance laboratory technicians for resins and intermediates/ solvents; resins tank farm/utility operator; resins recovery/utility operators; and electrician.
ANALYTIC METHODS
Person-years at risk were accumulated for each worker beginning 1 January 1981 or the date of first exposure to ECH (whichever was later) and ending at the closing date of the study (31 December 1988), the date of retirement, the date of death, or the date of leaving (whichever was earlier). The number ofyears contributed by each worker was classified by age (< 40, 40-49, 50-59, and >s 60), pay status (hourly and salaried), and plant location (Deer Park and Norco). The morbidity experience of the two ECH groups was compared with that of an internal comparison group. The internal comparison group was defined as all men at the two locations who worked in jobs with no potential exposure to ECH during the study period. The expected numbers of morbidity events were calculated from the age, pay status, location, and cause specific morbidity rates of the internal comparison group. SMRs were computed as the ratio of the observed to the expected number of morbid events for each cause of interest. Significance tests were based on the assumption that the observed number of morbidity events follows a Poisson distribution.7 A two sided test of significance was used. Since most of both the comparison group and the Shell cohort were white (88% and 83%, respectively), SMRs in this study were not adjusted for race.
Results

SHELL COHORT
Included in the analysis were 713 men, representing the total number of male employees who ever worked Table 6 presents the exposure and employment characteristics of the original Enterline cohort. Of the 280 men from the original Enterline cohort who were still working at 1 January 1981 and were included in the morbidity study, about 50%o were in the nil to light exposure group whereas the remainder were in the moderate to heavy exposure group. The pattern is virtually the same for the 484 who had left the workplace before 1 January 1981 and so were excluded from the morbidity study. The employment characteristics in terms of the year of first exposure and years since first exposure were similar between the two groups. The distribution of the cohort by the year of first exposure shows that 89% of those included in the morbidity study and 84% of those excluded from the morbidity study began Work in the ECH exposure job before 1960. Those workers included in the morbidity study showed a longer duration since first exposure, with 87% being longer than 25 years (compared with 67% for those excluded from the morbidity study). In addition, the ages at first exposure were 27 and 29 for the two groups, respectively. Table 7 presents the observed and expected morbidity prevalence events and SMRs for the Enterline cohort. For all causes, the number of observed morbidity events (310) was slightly higher than the expected resulting in an SMR of 107. The SMRs for several morbidity categories were non-significantly raised. Among these were diseases of the nervous system (SMR = 132) and the musculoskeletal system (SMR = 119). Non-significant decreases in morbidity were observed for heart disease (SMR = 90) and neoplasms (SMR = 93). The observed morbidity for ill defined conditions was significantly lower than expected (SMR = 50). In addition, there were no morbidity events for cancer of the respiratory system or leukaemia. Table 8 presents SMRs by level of exposure. Of all 18 morbidity categories, only the SMR for symptoms and ill defined conditions in the moderate to heavy exposure group was significant (SMR = 42). The corresponding SMR for the nil to light exposure group was also lowered but not significantly (SMR = 59). The moderate to heavy exposure group's SMR for diseases of the genitourinary system was much lower than those of the nil to light exposure group. Similar findings were noted for diseases of the arteries and diseases of veins and other circulatory systems, but the SMRs were based on a small number of cases. The SMRs for the moderate to heavy exposure group were notably higher than those for the nil to light exposure group for the respiratory system (147 v 90) and skin and subcutaneous tissue (192 v 44). 
Discussion
Unlike the mortality study results reported by Enterline, the morbidity experience of these cohorts working at the same plants does not suggest any exposure related effect on heart disease. Heart disease risk factors and morbidity in the groups studied showed no association to exposure level or to work in an ECH area. Subcohorts of those who were potentially exposed to both ECH and allyl chloride in the Shell cohort were also examined. The SMR for workers who had probable potential exposure to allyl chloride and higher exposure to ECH (SMR = 92) was exactly the same as their counterparts not exposed to allyl chloride. The one statistically significant association found in the Shell cohort was between exposure to ECH and morbidity due to skin and subcutaneous tissue conditions. Causes ofmorbidity due to conditions affecting the skin were reviewed by examining the original morbidity reports for each case in the two ECH exposure groups for both the Shell and Enterline cohorts. Based on this review, it is difficult to attribute any major portion of the excess of skin conditions seen in the light to moderate group to exposures to ECH. Because ECH is severely irritating, and has been reported to be a skin sensitiser,8 the expectation was that a preponderance of cases of irritative or allergic dermatitis would be found in the more exposed group. A slight increase was seen but not enough to account for the differences in overall skin conditions. In the Shell cohort only two cases of contact dermatitis and two of poison ivy occurred in the light to moderate exposure group compared with one case of each in the nil exposure group. Instead, ingrown toenails and pilonidal or sebaceous cysts contributed most to the higher frequencies of skin conditions seen in the more exposed group. The most common skin condition reported for both groups was superficial infection of an extremity (usually finger or toe) due to physical trauma. There were seven such cases in the light to moderate group and six in the nil group. Such a distribution of skin conditions suggests that factors unrelated to exposure to ECH such as the physical demands of a particular job, amount of time outside-for example, exposure to poison ivy-and underlying medical conditions may be of greater importance than exposure to ECH. In the Enterline cohort fewer skin conditions were reported. The nil to light exposure group experienced only two casesa sebaceous cyst and a case of actinic keratoses. The moderate to heavy exposure group had three infections ofhands and feet, one contact dermatitis (due to soap allergy), one case of shingles (herpes zoster), and two cysts (one abdominal, one on finger). Again, no particular pattern emerges that appears to be related to exposure.
The higher morbidity due to respiratory disease seen in the more highly exposed Enterline group is consistent with the higher rate of smoking seen in this group compared with the lower exposure group. Although a similar pattern of smoking is also seen in the Shell cohort, the lack of an increased respiratory morbidity rate in the higher exposed group may be due to the much younger age of the Shell cohort.
The absence of any consistent or statistically significant (except skin conditions) findings between the morbidity results of the two cohorts studied either with the Shell Deer Park and Norco populations as a whole or by exposure to ECH level provides rather strong evidence against exposure related effects on morbidity. Similarly, no consistent differences were found in cardiovascular disease risk factors studied. Of interest, too, is the absence of morbidity cases of leukaemia or lung cancer in the two cohorts studied. The original Enterline et al report found evidence for a possible excess of exposure related lung cancer as well as an excess of leukaemia (Shell to Environmental Protection Agency, 1981). The excess of lung cancer has declined with subsequent follow up but the excess of leukaemia (based on three cases of different cell types) has persisted. Shell plans to continue to follow up this cohort.
There does not appear to be sufficient evidence yet for any adverse health effect as reflected in morbidity events related to exposures to ECH at levels experienced by Shell employees currently or in the past. The two cohorts studied had little overlap, primarily due to a pronounced age difference between the two groups. The Enterline cohort represents a group hired before 1965 whereas the Shell cohort was for the most part hired after 1970. There may be exposure classification differences between the two cohorts, since the Shell cohort classification was based on more recent actual industrial hygiene sampling results whereas the Enterline exposures were assigned based on employee interviews regard-ing work practices and the judgment of plant industrial hygienists. For the 62 workers included in both Shell and Enterline cohorts, however, the difference in exposure classification was not statistically significant (p = 0 86). The Enterline cohort is a "survivor" cohort of individuals who were still working at Shell during at least part of the period 1981-8. Although no age or exposure category differences were seen in those studied in the Enterline cohort compared with those not studied, it is possible that morbidity, and in particular heart disease morbidity, may have differed between the two groups. The fact that there was no selective loss from the higher exposure group would argue against exposure related differences, however.
Although heart disease morbidity does not always precede a death from heart disease, one would expect to see heart disease morbidity patterns similar to heart disease mortality patterns in the same population.2 Just as the original Enterline cohort had no excess of heart disease mortality, the portion of the cohort for whom morbidity was available had no excess of heart disease morbidity. Unlike the mortality pattern, the heart disease morbidity experience for both exposure groups was essentially the same. Similarly, for a younger cohort (the Shell cohort) exposed to ECH for a shorter time, no association between exposure and heart disease morbidity was seen. This is important, since Enterline has hypothesised a short latency for an exposure related heart disease effect.' Both morbidity cohorts studied did not include all older retired employees, although individuals who retired during the study period were included. This does not explain the differences seen between the Enterline et al mortality study and this morbidity study. The average age for the deaths from heart disease in that study was estimated to be about 57 and more than 80% died before the retirement age of 65. Of the five deaths in the Shell cohort none was due to heart disease.
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